INTRODUCTION
As Osaka has been a traditional commercial center in Japan, a large volume of goods are moved to the area by various types of trucks but they are hindered by a lack of loading facilities, which in turn leads to street congestion. Also, lack of co-operation between carriers and shippers makes the process of moving goods even more complex.
Because of the currently inadequate loading conditions and absence of requirement standards for loading facilities in Japan, this research is necessary to determine criteria concerning shopping streets and office buildings. So, the purpose of this paper is: -to clarify the characteristics of loading activities in the central business district facilities and the physical design of loading space have been described. One approach (5) described curb allocations on the basis of keeping the total costs to society to a minimum. As regards such studies in Japan, in the case of retail shopping streets, parking characteristics including loading have been investigated (6, 7) . Also, although there are some papers dealing with co-operation systems relating to goods transportation (8), they do not deal directly with loading activities.
ANALYSIS OF LOADING CHARACTERISTICS
(1) Data Collection In this study, the questionnaire and observation survey were carried out initially in the CBD and fringe area of Osaka. The details are summarized in Table 1 .
(2) Variation of Loading Activities
In the case of OTC, the data for monthly pick-up and deliveries show that a peak occurs in Dec. and minimum in Aug. Pick-up and delivery frequencies in Dec. were found to be 1.4 times those in Aug. This was also examined in the case of MINAMI-KYUHOJI St., from the results of the survey carried out in Aug. and Dec, the result being exactly the same. Also, daily variations of loading activities show that a peak occurs on Monday. The hourly variations for every area are shown in Fig.1 . As shown in this figure, the peak of arrivals occurs in the morning almost always between 10:00-11:00.
(3) Type of Vehicles Percentage of vehicles by type is summarized in Table 2 . As shown in this table, a high proportion of arrivals in the case of wholesale stores are of the large truck type, but in the case of retail stores and office buildings most of arrivals are of medium truck and light van types.
(4) Purpose of Visit
The percentage of observations by purpose of visit is also summarized in Table 2 . The percentage of deliveries was found to be about 50% in the case of wholesale stores and about 80% in the case of retail stores both in the CBD and fringe area. In the case of office buildings, the percentage is the In general, loading time was found to be short.
The percentage of vehicles staying less than 5 or 10 mins. and average loading time are shown in Table 3 .
In MINAMI-KYUHOJI St., percentage of arrivals staying for 10 mins. or less was found to be very high due to the high occurence of double parking.
For this reason, we calculated two values for average loading time in the case of MINAMI- because it was found that there is a relation between GFA and loading time, but this relation was not found in other cases), this percentage was found to be less than the previous one, because the number of packages/arrivals is higher in this case than in the former due to the use of co-operation system as well as the fact that loading activities are carried out inside buildings.
In the case of retail stores, this percentage was found to be the same both in the CBD and in fringe area.
A theoretical loading time distribution was calculated for all cases using the exponential distribution and it provide an acceptable approximation of the actual distribution.
Nowadays, the rationalization of goods movements has become very important for companies. In particular, rationalization is essential in the case of wholesale stores because to leave loading activities in their present condition is likely to be detrimental to their business.
Generally, there are two types of co-operation systems: one is undertaken to reduce the volume of goods delivered to wholesale stores by routing goods directly to retail stores without any need to pass through wholesale stores, while the other attempts to reduce truck arrivals with no change in goods volume. Here, the latter will be explained in the case of OTC the only location considered in this paper where such a co-operation system is put into practice. In the case of OTC, wholesale stores are using a co-operation system mainly in order to reduce the transportation cost paid to carriers and subsidiary truck arrivals. The idea of this system is to pick up the goods from many wholesale companies in smaller vehicles and then these goods are reloaded and delivered once again in larger trucks parked in a nearby certain area, i.e. one truck transports goods from more than one wholesale store. Also, in some cases large trucks pick up the goods directly from wholesale stores and transport these goods elsewhere.
From the investigation, it was found that 80% of wholesale companies are using cooperation system, although they also use other carriers which do not participate in the system.
Also, we studied the relation between the frequency of wholesale stores and number of non co-operation of carriers used in goods transportation (number of carriers used in co-operation system excluded) as shown in Fig.6 . Comparing the type using the co-operation system most of the time and the other one using co-operation system occasionally, the effect of co-operation system is clearly shown, where the former uses less carriers than the latter one. This is probably leads to the reduction of truck arrivals. For all cases, when allocation of loading space is required at curb, marking or loading meters have to be installed.
GENERATION OF ARRIVALS
(2) Future Consideration
Since calculation of loading space depends on generation rate and loading time, modification of our results is recommended if a co-operation system is applied in the future in order to consider its effect. Generation rate:
In our calculations, we related truck generation to GFA. But as the results shows that cooperation systems have an effect on the generation rate of arrivals , it is desirable to have a model which can express the effect of any type of co-operation system between wholesale stores or carriers.
In this case, generation rate will be a function of GFA and effect of cooperation system. This means that criteria will change and loading space will decrease , and calculations will have to be carried out again.
Loading Time:
Our survey shows that loading time is affected by various factors such as the place where loading is being done (at curb or off-street loading space) and volume of goods . When a co-operation system is used, the volume of goods will be changed . So, in this case effect of co-operation has to be considered.
As loading space is a function of generation rate of truck arrivals and loading time , any change in these factors will affect the requirements, so, in this case additional surveys to yield more details about the mechanism of goods transport systems have to be carried out and consequently it is recommended that modification of these criteria be carried out .
GENERAL CONCLUSION
Loading characteristics in Osaka were clarified for different locations using the data from the questionnaire and the survey. Through an analysis of these characteristics the paper suggested guidelines that could be considered in formulating zoning codes to address the problems of space requirements for wholesale and retail stores both in the CBD and in fringe 8areas and also for buildings in the CBD. Such codes have to be enforced by law for loading space in areas where loading activities are carried out in order to eliminate loading problems.
